ISSN 1027-5495. Functional Materials, 23, No.1 (2016), p. 104-110.
doi:http://dx.doi.org/10.15407/fm23.01.104 © 2016 — STC "Institute for Single Crystals”

Polishing substrates of single crystal silicon
carbide and sapphire for optoelectronics

O.Yu.Filatov, V.I.Sidorko, S.V.Kovalev, Y.D.Filatov, A.G.Vetrov

V.Bakul Institute for Superhard Materials, National Academy of Sciences
of Ukraine, 2 Avtozavodskaya Str., 04074 Kyiv, Ukraine

Received September 7, 2015

As a result of research of polishing single crystal materials it is shown that the
material removal rate of the processed material depends on the volumetric wear coefficient
and friction path length of element of the processed surface on the surface of lapping. It is
found that the polishing flat surfaces of the optoelectronic elements of single crystal silicon
carbide is advantageously carried out by using polishing slurry of the powders based on
MAZX-phase Ti;AIC, and colloidal nanoparticulate systems, and single crystal sapphire — using
suspensions of diamond micron powders of cubic boron nitride powders and MAX-phase
TizAlC,. Nano-polishing surfaces of elements of the single crystal sapphire should be per-
formed using the colloidal nanoparticulate systems. It is also shown that the polishing
efficiency of the single crystal silicon carbide and sapphire is inversely proportional to the
transfer energy, the maximum value of which corresponds to a the minimum roughness.
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WcenemoBanne MOJIUPOBAHUA MOHOKPUCTANINYECKNX MaATEpPUAJOB IOKA3aJ0, UTO IIPOU3-
BOAUTEILHOCTL CheMa o6pabaTLIBAeMOro MaTepruasia 3aBHUCHUT OT KO3(P(MUIUEHTa 00LeMHOTO
u3HOCca U JJWHLI IIyTU TPEHUs 2jJeMeHTa o0pabaThLIiBaeMoil IMMOBEPXHOCTU IO IMOBEPXHOCTH
MOJINPOBANLHIUKA. ¥YCTAHOBJIEHO, UTO IMOJMPOBAHMNE ILJIOCKHX IOBEPXHOCTEH OITOJIEKTPOH-
HLIX 5JI€EMEeHTOB 13 MOHOKPHCTAJJIOB KapOuga KpPeMHH A I1eJecoo6pasHo OCYIeCTBAATL C
HCIIONb30BAHKEM IIOJMPOBAJIBHON cycleHsyuy mopomkos Ha ocHoBe MAX-aser TizAIC, u
KOJUJIOUIHBIX CHCTE€M HAHOYACTHI[, MOHOKDPHCTAJIOB camdupa — ¢ HOMOIILIO CYCIEH3UH U3
aJIMasHBIX MUKPOIOPOIIKOB, HNOPOMIKOB Kybmdeckoro HuTpujga Gopa m MAX-tasnr Ti;AlC,.
HamononmpoBaHue MOBEPXHOCTEH 3JeMEHTOB MOHOKPHCTAINYECKOro camdupa JOJMKHO OCy-
IIECTBAATHCA € MCIIOJb30BAHMEM KOJUJIOMIHOI CHCTEeMBI HAHOUACTUIL. I[OKA3aHO, UTO IPOUS-
BOAWTEJLHOCTD IIOJMPOBAHNA MOHOKPHCTAJIOB Kapbuiaa KpeMHUA K candupa o0paTHO IIpo-
MMOPIIMOHAJBHA DHEPrUM [ePeHOCa, MAKCUMAJIbHOE 3HAUEHME KOTOPOM COOTBETCTBYET MUHU-
MaJIbHOM III€POXOBATOCTH.

IToripyBaHHA WMiAKJIATOK MOHOKPHUCTAJIYHOTO Kapoimy KpemHilo Ta candipy aas omro-
eaxexkTpoHiku. 0.10.@inamos, B.I.Cidopro, C.B.Kosaavos, 10./].®Pinamos, A.I'Bempos.

B pesyabraTi mocnimskeHHsa MoNipyBaHHS MOHOKPHCTAJNIUHUX MaTepianaiB mmokasaHo, IO
OPOAYKTUBHICTL SHATTA Marepiany, 110 o0pobadAeThea 3aMeKUTh Bix Koedinienta o6’eMHOrO
3HOCY Ta AOBMKHMHU NIIAXY TEepTdA eJeMeHTa o0poO0JoBAaHOl MOBEpPXHi B3JOBMK MMOBEPXHI ITO-
JdipyBaabHUKa. BCTaHOBJEHO, IO TMOJIPYBaHHSA IJIOCKUX TMOBEPXOHb ONTOEJNEKTPOHHUX eJe-
MEHTIB 3 MOHOKPHCTAJIB Kapbiy KpeMHi0 AOMinbHO 3AificHIOBATM 3 BUKOPUCTAHHAM IIO-
aipysanpHOi cycmensii moponrkis ma ocroBi MAX-dasu TizAIC, Ta KomoifHHX cucTeM HaHO-
YACTHHOK, MOHOKPHCTAJIIB camdipy — 3a JOIOMOroi0 CycIieHsil 3 aiMasHUX MiKPOIIOPOIIKiB,
nopomkis KyGiumoro mitpupy Gopy Ta MAX-tasm TizAlC,. HamomonipysanHA I0OBepXOHB
ejleMeHTiB MOHOKpUcTaXiB candipy ciix 3milicHIOBATH IIPY BUKOPHCTAHHI KOJOIITHOI cucTeMu
HaHOUAaCTHHOK. [loxasaHo, I0 IIPOAYKTHUBHICTL IIOJipyBaHHA MOHOKPHCTAJIIB Kapdimy Kpem-
Hito Ta candipy obepHeHo mpomopiiifima eHeprii mepeHocy, MaKcHUMaJibHEe 3HAUEHHA HKOI
Bigmosizae mimimanpHill HIOPCTKOCTI.
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1. Introduction

In present-day manufacture of optical
and optoelectronic components made of sap-
phire, single crystal silicon carbide, nitrides
of aluminium and gallium the diamond
abrasive machining techniques are used.
Fine and ultrafine diamond grinding opera-
tions for these workpiece are performed
using functionally orientated diamond tools
of dedicated specifications and working
layer design. The final machining operation-
polishing is carried out in a single or sev-
eral stages depending on requirements for
the machined surface. The polishing of opti-
cal components shall meet the requirements
for form accuracy N = 8-5 interference
rings and for quality of processed surfaces
(S—d) 60—-40 to 20-10 (U.S Military Surface
Quality Specification, MIL-PRF-13830B).

The substrate surfaces, prepared under
application of the epitaxial layer (epi-ready)
must satisfy the requirements for accuracy
of the crystal plane orientation (1£0.2-0.5°),
for dislocation density ((1-4)- 103 cm™2),
for density of micropipes (less than 30 cm~2),
for structural perfection (FWHM — half-
width of the rocking line — 380-50 arc.
sec), and “optical” requirements for flatness
(less than 10 p to 3 inches diameter) and
the surface roughness (Ra = 0.3—1.0 nm).

The roughness of finished surface is the
most important indicator of the precision
surface polishing process of the optoelec-
tronic elements made from non-metallic ma-
terials (glass, quartz, sapphire, silicon car-
bide, AIN, GaN, GaAs and others) [1-9] and
it characterizes the quality of treated sur-
faces. An improvement in the machining
quality for precision surfaces of optoelec-
tronic components made of single crystal
materials can be achieved only through use
of the novel types of tools and polishing
suspensions and nanoparticle colloidal sys-
tems. Optimization of the characteristics of
such systems is a task of the great impor-
tance.

Efficiency of the diamond abrasive ma-
chining of precision surfaces of the optical
and optoelectronic components is conven-
tionally determined by using the model of
workpiece material removal in the polish-
ing, which is based on the cluster model of
wear of solid surfaces in friction [1,2], and
the statistical model of slime particles for-
mation and removal from the workpiece sur-
face [10].

Size of these particles, their concentra-
tion in the tool-workpiece contact zone and
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pattern of their interaction with the tool
wear particles and the surfaces in contact
have influence on the polishing efficiency
and tool wear rate in all machining opera-
tions as well as on the condition of the
workpiece surfaces.

The objective of the present study is to
clarify influence of the processed material
and polishing slurry or colloidal system on
performance of the polishing process and on
the finished surfaces roughness.

2. Methodology and results

Based on the cluster model of wear [1,2,
11], the process of material removal while
polishing can be considered as accumulation
of energy within critical volume — cluster,
i.e. as transitions of the cluster in a dis-
crete equidistant energy spectrum. Taking
into account the multiple-frequency mode of
interaction between the workpiece and tool
surfaces, where natural vibrations of frag-
ments occur at frequencies wy;; and wyy;, (I,
k are the ordinal numbers of the frequen-

cies), we can find the number of excited
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number of molecular fragments per cluster
£ = Z&ik} and the cluster energy
ik

teristic frequencies w;, = the

E =Y |:w011h§ik:| (where % = 1.054-10734 J.s
ik
is the Planck constant). Material removal
from the workpiece surface occurs in the
form of slime particles only when the clus-
ter energy E_, exceeds the bond energy E,.
The slime particle size distribution is de-
scribed by the Poisson distribution

et
P(i,v) = 5 with a parameter v =E,/E,

[11]. Dielectric constants of the workpiece
material (g;) and tool material (¢;) are deter-
mined at characteristic frequencies wy,,

while the Lifshitz constant A; =7iw,,.3 is
calculated by formula

’

Eeq (g — esllenoyy,) — g
Wy23 = J.

o, [E1(0g + 31[Ex(wyy) + €3]
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(Qin [wy;05], ®; and ws are the minimum

and maximum frequencies).
The surface area of i-th slime particle is
defined as §;=8Sg(i+1) (i=1,N, N —
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number of samples, S; — surface area of
the cluster, which depends on the structure
of the material being processed and the
number of molecular fragments ).

The surface area of the cluster depends
on crystallographic plane orientation of the
single crystal (lattice constants a and c¢),
which is polished. Considering the crystals
of hexagonal structure, we can determine
how the clusters are formed from separate
molecular fragments, which, coming off the
processed surface are converted into slime
particles.

When polishing the plane C [0001] the
number of molecular fragments is defined
by corresponding distances 1.5a; aVv3 and
¢/6, the number of molecular fragments & =
kiksks, and minimum surface area of the
particles Sy — 3V8aZkky + (1/2)ack ks +
(2/@)ack2k3. When polishing the plane A
[1120] the number of molecular fragments
is defined by interplanar spacing a\3, a/2
and ¢/6, minimum surface area of the par-
ticles — S =V3a2kyky + (1/V8)ack ks +
(1/6)ackqyks.

The flat surfaces of silicon carbide ele-
ments (plane C) and sapphire (plane A) were
polished on the grinding and polishing ma-
chine with polisher speed of 90 rev/min,
pressure of pressing items to lapping —
0.003-0.005 MPa, displacement stroke of
30 mm, 50 mm stroke length and an aver-
age temperature in the contact zone —
300 K.

Single crystal silicon carbide (polytype
6H-SIC, a density of 8.21 g/cm3, with ther-
mal conductivity of 490 W/(m-K), the static
dielectric constant — 6.5, the lattice con-
stants a =0.3073 nm and ¢=1.511 nm
[12]) was characterized by intrinsic fre-
quency of the molecular fragments SiC: wgy;
=15.0-1013 571 (794 ecm™1) and 18.9-1013 571
(1000 em~1) [11, 13].

Single crystal sapphire (density
3.98 g/cm3, thermal conductivity of
30.83 W/(m-K), the static dielectric constant
— 9.3, the lattice constants of a =
0.4758 nm, c¢=1.2991 nm) was charac-
terized by intrinsic frequency of the mo-
lecular fragments Al,O3: wg; = 10.8-1013 g1
(578 em™1), 12.1.1013 571 (642 cm1) and
14.1-1013 571 (748 ecm™1) [14-16].

The polishing of silicon carbide and sap-
phire was studied using specially prepared
suspensions of diamond micropowder SDM
2/1 (1), cubic boron nitride powders KM
0,5/0 (2) and MAX-phase powders TizAIC,
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0,5/0 (3) [11, 13, 17-18]. Also colloidal sys-
tem (CS) of nanoparticles from proposed
chemical compounds (4) and conventional
colloidal silica (5) [19-24] based on distilled
water without addition of acids, alkalis and
surfactants were used. Intrinsic frequency
(g9, cm 1) of the molecular fragments of
diamond polishing powders are 1135 and
1332, of cubic boron nitride — 1056, 1100
and 1304 and of MAX-phase powders
Ti;AIC, — 260, 420, 605, 1820 and 1590
[17]. The static dielectric constant of the
diamond polishing powders is 5.7, of cBN —
2.5 and of TizAIC, — 3.5 [13].

3. Results and discussion

Removal performance @ of the processed
material when polishing the single crystal
silicon carbide and sapphire was determined
as the product of volumetric wear ratio m
and friction path length Ly of the processed
surface element on the surface of the lap-
ping: @ =nL;. It was dependent on size of
d; slime particles and their concentrations
on the surface pressure rating pressing
parts for lapping, their rate of relative dis-
placement of the contact area, coefficient of
thermal conductivity of the processed mate-
rial and temperature in the contact zone [11].

Results of the calculations parameters of
the generalized model of formation and re-
moval of slime particles and removal of the
processed material, as well as experimental
data on the removal performance of silicon
carbide and sapphire which were determined
gravimetrically in mg/min (um/h) are
shown in Table 1.

The data analysis results in Table 1 show
that the single crystal material polishing
performance depends on the transfer energy
which characterizes the energy costs of dis-
posing mass unit of the processed material
from the processed surface [10, 11, 13]. De-
pendences of the processed material removal
rate @ (m3/s) on the transfer energy W
(J/kg) for polishing the silicon carbide (1)
and sapphire (2) with different polishing
compositions are shown in Fig. 1.

In logarithmic coordinates these depend-
ences are depicted in the form of parallel
lines and are described by linear function
InQ = —kolnW + by5 (where £y =0.97=1,
by =0.04; k5 =0.98=1, by =-1.81 — the
coefficients determined by the least squares
method, the approximation error — less
than 0.5 %). This means that productivity
of polishing the single crystal silicon car-
bide and sapphire is inversely proportional

Functional materials, 23, 1, 2016
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Table 1. Performance of polishing the single crystal silicon carbide and sapphire

The parameters of interaction with Polishing composition
SIC polishing composition SDM (1) BN (2) Colloidal Ti;AIC, (3)
systems (4)
The most probable size of the slime 2.4 2.7 2.6 2.4
particle a,, nm
Transfer energy W, J/kg 0.6-1012 1.6.1012 1.8-1013 2.7-1013
Density of transfer energy o, MJ/m?2 1.5 4.7 45.0 73.0
Performance of polishing @
calculation, m3/s 4.7-10712 1.5-10712 2.0-10713 1.0-10713
experiment, m3/s 4.410712 1.410712 2.2.10713 9.3.10 14
wh 15.5 5.5 0.8 0.3
Calculation error, % 7 7 10 5
Parameters of interaction sapphire Polishing composition
with polishing compositions Ti,AIC, (3) | BN (2) | SDM (1) | Colloidal | Colloidal
systems (4) | systems (5)
The most probable size of the slime 2.7 2.9 2.5 2.0 2.0
particle a,, nm
Transfer energy W, J/kg 5.2:101! 5.8:101! 6.5-1011 2.9-1012 3.6-1012
Density of transfer energy o, MJ/m?2 2.0 2.4 2.4 7.4 9.2
Performance of polishing @
calculation, m3/s 6.010713 | 5.4.10718 | 4.810713 | 1.1.10713 | 0.9.107!3
experiment, m3/s 5.6.1013 | 5610713 | 4.510713 | 1.310713 | 0.8.10713
wh 1.4 1.4 1.0 0.3 0.2
Calculation error, % 7 4 7 17 12
to the transfer energy and can be described I?26Q_
by approximate dependence @ = oyo/W
(0y = exp(by) = 1.04 — for silicon carbide; o8l ,
and oy = exp(by) = 0.16 — for sapphire). \
Performance of the polishing silicon car- 30t
bide and sapphire depends on transfer en- 2
ergy density 6 = WpV,/S, (J/m2), which in- ' - ' s
dicates the costs of mechanical energy on 27 28 29 30 In W
removal the volume V, of slime particles Fig. 1. Dependences of polishing performance
from the processed surface with the area S,. of single crystal silicon carbide (1) and sap-
In logarithmic coordinates this dependence phire (2) on transfer energy: calculated (—)
is a the linear function InQ = kg4lnc + bg, and experimental (0 — 1, O — 2) data.
(where k3 = —-0.9, b3 =-12.8 — for silicon
carbide; k4 =-1.8, b, =-9.5 — for sap- and sapphire with different polishing slur-
phire — the coefficients determined by the ries (1-3) and colloidal systems (4, 5) is
least squares method). From this follows characterized by approximate ratio /@9 =
that the productivity of polishing the single 01/09 = B1/By = 6.5.
crystal .SﬂiCOH caI.'bide and sapphire in- Since the transfer energy W is dependent
versely is proportional to the energy con- on the thermal conductivity coefficient of
sumed on the removal of slime particles the processed material, it is generally used
from the processed surface, and it is given the generalized transfer energy W,=
by @ = B12/0 (B = 7.2:107® W-m — for sili- [Agg/AIW, which characterizes the slime
con carbide; By = 1.1.10° Wom — for sap- particles participation in the transfer of
phire). The performance of processed mate- heat energy in the processing of silicon car-

rial removal for polishing silicon carbide bide or sapphire to the process of polishing
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of the reference material — optical glass K8
with Agg =0.95 W/(m:K) [11, 138]. It is
shown that the polishing of the single crys-
tal silicon carbide is advantageously carried
out using slurry with MAX-phase powders
Ti3AlIC, (8) and the colloidal nanoparticle
system (4). Sapphire surface can be polished
using slurry of the diamond micropowder
(1), cubic boron nitride powders (2) and
MAX-phase powders TizAIC, and the nano-
polishing or chemical-mechanical polishing
of single crystal sapphire should be carried
out by means of the colloidal nanoparticu-
late systems (4) or (5) as confirmed by many
years of practical experience.

Comparison of the results calculation for
performance of polishing plane surfaces of
the single crystal silicon carbide and sap-
phire elements using suspension of the dia-
mond micron powders, the cubic boron ni-
tride powders and the MAX-phase TizAIC,,
with the experimental data shows a good
convergence (deviation between the calcu-
lated and experimental results reaches to
10 %, Table 1).

This confirms the legality of use of the
generalized model of slime particles forma-
tion and removing and using the general-
ized transfer energy as a criterion for as-
sessing the effectiveness of the polishing
process.

Analysis of the slime particles formation
and removal while finishing of non-metallic
materials as a part of physical-statistical
model [10] showed that size of the particles
produced in the process of polishing, satisfy
the inequality d; < R,

On this basis, it can be assumed that
removal of the processed material during
polishing of non-metallic materials is the
result of dispersion processes of the
nanoparticles.

The sizes of these particles, their concen-
tration in the contact zone and the type of
interaction with wear particles of polishing
powders, contacting surfaces of lapping and
details determine the most probable size of
the slime particles [2, 13] as well as the
pattern of forming the finishing surface
and plaque formation on the processed sur-
face.

Based on the results of study of the
mechanism of surface roughness formation
on the processed surfaces [13] a method of
computer modelling of the microprofile was
developed, which provides a good conver-
gence of the results of calculation of the
height of nano-roughness with the experi-
mental data. The nano-roughness height of
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polished surface is proportional to the sur-
face density of the slime particles (square of
the modulus of the cluster state [y2, m™1) in
accordance with formula z(x)= Ely|? [13],
and the coefficient of proportionality is de-
fined as (d;/2)2. To calculate the surface
roughness of the polished surface when the
line of protrusions and depressions practi-
cally coincide with the centre line of the
profilograms, the proportionality coefficient
in the formula for calculating nano-profile
2(x) is defined as diz.

The function that determines the height
of the nano-surface irregularities in the
process of polishing, along the baseline is
given by

2(x) = d(kg)®? {d (ZO)] + (1)

G-1 ey
¥ EC%id(ki)tbkL d(k.)l}

where C,; — constants; y; — displacement
of the state functions of slime particles;
k; = 1,M — indexes that define a random
sequence of forming slime particles with d;,
M — the number of groups of slime parti-
cles; ®p(x) = [k/2Mn] /2 *"/2 Hy(x) —
parabolic cylinder functions, Hj(x) — the
Hermite polynomials.

To calculate nano-profile of the polished
surface by formula (1) is necessary and suf-
ficient to determine the sizes of the slime
particles d(k;) = [Sy(k; + 1)/m]Y/2 and func-
tion of their size distribution (the Poisson
distribution P(i,v)). The computer modelling
method for the nano-surface profile ele-
ments of the single-crystal material during
polishing based on the Monte Carlo method.

A sequence of numbers k; is used as the
input random wvariable, which is generated
by a computer in accordance with the distri-
bution P(i,v). According to the formula (1)
is determined by the height of the surface
profile Z(x) in area of x€[0, L], that was
formed due to formation of the slime parti-
cles. According to the model profilograms
obtained by computer simulation of the
nano-profile polished surface, the roughness
parameters determined: the arithmetic aver-

L
age roughness Ra =%J.Z(x)dx, the mean
0
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Table 2. Parameters of the polished surface roughness of silicon carbide and sapphire

Roughness parameters Polishing composition
of silicon carbide SDM (1) ¢BN (2) Ti;AIC, (3) Colloidal
systems (4)
Ra, nm 5.4140.1 5.610.2 5.140.2 4.610.1
Rq, nm 5.840.2 5.940.2 5.440.2 4.710.1
Rmax, nm 9.310.9 8.241.1 7.410.5 6.510.2
X 1.7 1.5 1.5 14
k, 2.3 2.1 2.1 1.7
k, 2.4 2.2 2.2 1.8
k,, 3.9 3.0 3.1 2.5
Roughness parameters Polishing composition
of sapphire SDM (1) BN (2) | Ti,AIC, (3) | Colloidal | Colloidal
systems (4) | systems (5)
Ra, nm 6.310.3 6.510.2 6.410.2 2.840.2 2.740.1
Rq, nm 6.710.2 7.010.2 6.810.3 3.010.2 2.940.1
Rmax, nm 12.310.2 12.8+1.4 12.9£1.0 4.710.3 4.710.2
X 1.9 2.0 2.0 1.6 1.7
k, 2.5 2.3 2.3 1.4 1.4
k, 2.7 2.4 2.5 1.5 1.4
k,, 4.9 4.4 4.7 2.8 2.8

square roughness Rg = V%J. [2(x)]?dx and
0

the maximum height of the profile Rmax.
As a result of the computer simulation by
averaging the height roughness by five
model profilograms obtained values of Ra,
Rq, Rmax, the ratio Yy = Rmax/Ra, and the
relative roughness coefficients k, = Ra/a,,
k, = Rq/a, and k,, = BRmax/a,, are normal-
ized to the most probable size of slime par-
ticles (Table 2).

Analysis of these data shows that the
roughness parameters Ra, Rq, Rmax de-
crease with increasing of the transfer en-
ergy (Fig. 2). The more energy is spent on
the formation and removal from the proc-
essed surface of slime particles, there is
smaller their size and height of nanoprofile
of the polished surface. That is why the
amount of transfer energy can be used as a
criterion of the efficiency of polishing the
single-crystal silicon carbide and sapphire.
Table 2 shows the values of the coefficients
of roughness k,, kq, k, and Y, charac-
terizing formation processes of the nanopro-
file of processed surfaces elements of silicon
carbide and sapphire while polishing with
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slurries (1)—(3) and colloidal systems (4)-
(5).

In contrast to the processes of grinding
the nonmetallic material d; > Rmax, when
the roughness coefficients k,, k, k, <1
and x> 1, the polishing of single crystal
silicon carbide and sapphire provides
d; < Rmax and these coefficients kg, k,, kp,,
x> 1 are reduced while improving the qual-
ity of processing.

To compare the effectiveness of different
polishes it is enough to find the minimum
value of these coefficients. The minimum
roughness coefficient values kg4, kq, By X
(Table 2) are characteristic for the surface
roughness elements made of single crystal
silicon carbide processed using a colloidal
system (4), and sapphire, which polishing
was performed using the colloidal systems
(4)—(5). Comparing the values of these coef-
ficients for the processes of grinding and
polishing, we can conclude that the rough-
ness coefficients k,, k, and k, reduce by
1-2 orders of magnitude, which is indica-
tive of the fundamental differences in the
mechanisms of formation of micro- and
nano-relief of the processed surfaces. Com-
paring the values of the roughness coeffi-
cients for the processing of silicon carbide
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Fig. 2. Dependences of roughness of the pol-
ished surfaces Ra, Rq and Rmax on the gen-
eralized transfer energy (O — silicon carbide,
QO — sapphire).

and sapphire using different polishing com-
positions, it can be argued that it is advis-
able to use the polishing powders, suspen-
sions for polishing, and colloidal systems of
nanoparticles for the nano-polishing.

4. Conclusions

As a result of theoretical and experimen-
tal studies of regularities of polishing sur-
faces of silicon carbide and sapphire it is
found that the performance criteria appro-
priate to use are the processing transfer
energy, which maximum value meets the
minimum surface roughness, and roughness
coefficients that determine the minimum
permissible altitude parameters. It is also
shown that for its polishing it is advisable
to use a polishing slurry of diamond micron
powders, powders of the cubic boron nitride
and MAX-phase powders TizAIC,. And for
nano-polishing it is effective to use the
nano-powders of colloidal systems, includ-
ing colloidal silica, which is commonly used
worldwide in production of the optoelec-
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tronic components of single crystal materi-
als. This confirms the possibility of using
the generalized physical-statistical model of
formation and removal of slime particles
from the treated surface to the polishing
processes of silicon carbide and sapphire.
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